
United States General Accounting Office 

Report to the Congress GAO 

September 1988 NUCLEAR WASTE 

Fourth Annual Report 
on DOE’s Nuclear 
Wmte Program 

GAO/RCED-8&131 





Comptroller General 
of the United States 

B-202377 

September 28,1988 

To the President of the Senate and the 
Speaker of the House of Representatives 

This report presents the results of our fourth annual report on the Department of Energy’s 
efforts to implement the Nuclear Waste Policy Act of 1982 (42 U.S.C. lOlOl), as amended by 
Title V of the Budget Reconciliation Act for Fiscal Year 1988 (P.L. 100-203). The act requires 
us to report to the Congress the results of an annual audit of the Department’s Office of 
Civilian Radioactive Waste Management. 

We are sending copies of this report to congressional committees with oversight of the 
Department’s activities, the Secretary of Energy, and other interested parties. 

This work was performed under the direction of Keith 0. Fultz, Senior Associate Director, 
Resources, Community, and Economic Development Division. Other major contributors are 
listed in appendix IV. 

Comptroller General 
of the United States 



Executive Summary 

Purpose In 1980, the Department of Energy (DOE) estimated that about 167,000 
metric tons of highly radioactive wastes would be produced at commer- 
cial nuclear power plants through 2020, with still more waste expected 
after that date. To find a permanent solution to disposing of these 
wastes, the Congress enacted the Nuclear Waste Policy Act of 1982. It 
revised the act in 1987 in response to continuing opposition to DOE'S 

efforts to identify candidate nuclear waste repository sites and to 
increasing costs of the waste program. 

In this fourth annual report, required by the 1982 act, GAO discusses the 
implications of declining waste quantities and increasing costs for the 
nuclear waste program, as redirected by the Congress. It also discusses 
the effects of the 1987 legislation on the advantages that DOE originally 
perceived in developing a facility for receiving and storing nuclear 
wastes until they can be disposed of in a repository. 

Background The Budget Reconciliation Act for Fiscal Year 1988, enacted in Decem- 
ber 1987, amended the 1982 act in several key ways. It directed DOE to 
investigate only Yucca Mountain, Nevada, for the first nuclear waste 
repository, instead of that site and two other candidate sites. However, 
it retained the 70,000-metric-ton ceiling on the volume of waste that DOE 

can dispose of in the repository until a second one is developed. Accord- 
ing to the legislative history of the 1982 act, the original intent of this 
provision was to ensure that no state would have to bear the entire 
waste disposal burden. The act also requires DOE to report to the Con- 
gress and the President between 2007 and 2010 on the need for a second 
repository. 

The 1987 act voided DOE'S earlier choice of a site for a facility for moni- 
tored, retrievable storage of commercial wastes, and linked a facility’s 
development to progress in developing a repository. It also established 
the Monitored Retrievable Storage Review Commission to study the neec 
for a proposed storage facility and report its findings to the Congress on 
June 1,1989. 

Results in Brief Utilities have not ordered new nuclear power plants for 10 years and 
are not expected to do so unless and until conditions affecting the 
nuclear power industry improve. Unless new plants are built, the total 
volume of commercial and government waste that DOE may have to dis- 
pose of will exceed the authorized capacity of the first repository by 
about 50 percent or less. Although this is much less waste than had beei 
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anticipated in the early years of the waste program, the estimated cost 
of the program has increased by several billion dollars. 

DOE is preparing to investigate Yucca Mountain. If the site is eventually 
selected, DOE will seek Nuclear Regulatory Commission approval to build 
a repository capable of holding up to 70,000 metric tons of waste. If the 
waste quantity expected exceeds that amount in about 20 years, then 
DOE may recommend either development of a second repository or 
expansion of the Yucca Mountain facility. In view of declining waste 
estimates and uncertainty about the capacity of Yucca Mountain, there 
may be advantages to earlier and more complete investigation of the 
potential capacity of that site. 

DOE originally proposed adding a monitored storage facility to the waste 
disposal system to permit, in part, detailed system planning and imple- 
mentation up to 8 years before opening a repository. The 1987 act, how- 
ever, closely ties development of the facility to progress on the 
repository. Although this approach ensures that a storage facility does 
not detract from repository development, it also largely eliminates the 
advantages that were expected from early implementation of the waste 
system. 

GAO's Analysis 

Lower Waste Volume and Waste disposal projections have declined-even with the addition of 

Higher Costs waste from government defense activities-because utilities have, since 
1978, stopped ordering new nuclear power plants. Unless new nuclear 
plants are built, the total quantity of commercial and defense wastes 
expected through the estimated 40-year operating lives of existing 
plants is 105,000 metric tons or less. 

Even with declining waste projections, estimates of waste program costs 
had increased from $23 billion in 1983 to $33 billion or more in 1987.’ 
DOE’S preliminary estimate of the cost of implementing the revised pro- 
gram is about $31 billion, with a repository at Yucca Mountain and a 
second one at an unspecified location, and about $23 billion if all wastes 
are disposed of at Yucca Mountain. (See ch. 2.) 

‘All costs are expressed in constant 1987 dollars. 
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Capacity of Nevada Site Studies already conducted from the surface of Yucca Mountain give DOE 
confidence that the site will hold 70,000 metric tons of waste. There is 
uncertainty, however, about the capacity of the specific area DOE 
intends to investigate, and DOE knows still less about the site’s potential 
for expansion. Studies during site investigation are expected to increase 
DOE'S understanding of this potential. 

When DOE submits its report on a second repository in about 20 years, it 
will discuss whether any wastes then projected in excess of 70,000 met- 
ric tons should be disposed of by developing a second repository or by 
expanding the Yucca Mountain facility. Under existing procedures, the 
latter alternative would require additional detailed site investigation 
and an amendment to DOE'S original authorization to construct and oper- 
ate the repository. (See ch. 2.) 

Monitored Storage Facility DOE has wanted to build a monitored storage facility for several reasons, 
principally to begin planning waste shipments to the facility up to 8 
years in advance of a repository. Also, a facility could reduce the need 
for utilities to expand temporary waste storage capabilities at nuclear 
plant sites. 

The 1987 act, however, limits DOE'S ability to construct and operate a 
facility in advance of a repository. For example, DOE cannot select a 
facility site and make detailed transportation plans to the facility until it 
completes its investigation of Yucca Mountain in the mid-1990s. In addi- 
tion, because of a facility’s ties to progress on a repository, the facility 
will not significantly reduce the need for new temporary storage capac- 
ity at nuclear plant sites. (See ch. 3.) 

Matter for 
Congressional 
Consideration 

The Congress may wish to explore with DOE the advantages of earlier 
and more complete information on the potential capacity of Yucca 
Mountain in view of continuing decline in estimates of waste to be dis- 
posed of and uncertainties about the capacity of the primary disposal 
area at the site. I 

Recommendation To provide the Monitored Retrievable Storage Review Commission with 
the best possible information for its evaluation and report to the Con- 
gress, GAO recommends that the Secretary of Energy supplement DOE'S 

original proposal for a facility by identifying, with supporting analyses, 
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Agency Con 

the benefits of the facility under the conditions established in the 1987 
act. 

unents DOE stated that it is evaluating a variety of monitored retrievable stor- 
age facility configurations and, as GAO recommended, looks forward to 
providing the results to the review commission. DOE did not comment on 
GAO'S analysis of the potential advantages of earlier and more complete 
information on the potential capacity of Yucca Mountain. DOE'S com- 
ments are contained in appendix III. 
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Chapter 1 

Introduction 

More than 16,000 metric tons of highly radioactive wastes are temporar- 
ily stored in facilities in more than 30 states, and more is generated each 
year.l Coming primarily from 108 operable commercial nuclear power 
plants at 66 sites and Department of Energy (DOE) national defense 
activities at 3 sites, this waste will remain dangerous to humans and the 
environment for tens of thousands of years. Another 12 commercial 
plants are either under active construction or are awaiting licenses 
required for commercial operation from the Nuclear Regulatory Com- 
mission (NRC). In this report, these 120 plants in various stages of con- 
struction or operation are referred to as existing plants. 

To dispose of highly radioactive waste permanently and safely, the Con- 
gress enacted the Nuclear Waste Policy Act of 1982 (NW~A). The act 
established a process for DOE to identify a number of candidate nuclear 
repository sites and recommend that the President select two or more 
appropriate sites from among those identified. This process included the 
active participation of potentially affected states and Indian tribes, and 
licensing and regulation of the repositories by NRC. The act also required 
generators and owners of commercial waste to finance disposal program 
costs through fees based on the generation of electricity from nuclear 
plants. Finally, the President was directed to decide whether defense 
wastes should be disposed of in the repositories for commercial waste. 
In April 1985, the President directed the Secretary of Energy to make 
arrangements to dispose of defense wastes in the commercial 
repositories. 

The NWPA also requires that we conduct an annual audit of DOE'S Office 
of Civilian Radioactive Waste Management (OCRWM) and report the 
results to the Congress. Our third annual report, issued in April 1987, 
discussed opposition to the program by states and Indian tribes. Unless 
DOE could improve the credibility of its program, these parties said, they 
could be expected to exercise their right under the NWPA to disapprove 
of the final selection for a repository site. Such a disapproval would 
eliminate a site from consideration unless the Congress passed a resolu- 
tion of repository siting approval as provided by the act. The report also 
addressed slippage in schedules for major program activities leading to, 
operation of the first waste repository.” Other major reports in 1987 

‘As used in this report, highly radioactive waste, or “waste,” refers to all high-level radioactive wast 
generated by commercial entities and the government. Most commercial waste is spent (used) nuclea 
reactor fuel, and most governmental waste comes from defense-related activities and is referred to a 
defense waste. 

‘Nuclear Waste: Status of DOE’s Implementation of the Nuclear Waste Policy Act (GAO/ 
8’(-17, Apr. 15, 1987). 

Page 3 GAO/RCED-&%131 Changing Waste Condition 



Chapter 1 
Introduction 

addressed problems with DOE’S relations with states and tribes; the ade- 
quacy of DOE’S proposal to develop a Monitored Retrievable Storage 
(MRS.) facility for early acceptance, processing, and temporary storage of 
commercial waste; increasing program cost estimates, including costs to 
characterize (investigate) three candidate sites for the first repository; 
and declining waste quantity projections and their implications for 
waste program planning.” 

In some of these earlier reports, we stated that DOE’S implementation of 
the act had been criticized by potentially affected states and Indian 
tribes, and the waste program had experienced significant delays in 
meeting the milestones established in the NWPA. In addition, although 
long-range estimates of the quantity of waste that will require disposal 
had declined steadily, estimated disposal costs had increased 
substantially. 

We were preparing our fourth annual report, primarily addressing the 
implications of declining waste quantities and increasing program costs 
for the waste program when, in December 1987, the Congress redirected 
the program because of mounting opposition and increasing cost esti- 
mates. Specifically, in the Nuclear Waste Policy Amendments Act of 
1987-contained in title V of the Budget Reconciliation Act for Fiscal 
Year 1988 (P.L. lOO-203)-the Congress directed DOE to determine if one 
site-Yucca Mountain, Nevada-is suitable for a waste repository and, 
if so, to seek NRC’S authorization to construct a repository. The amend- 
ments also authorized DOE to develop an MRS facility, subject to restric- 
tions imposed by the amendments. 

Although the Congress has focused the waste program on the investiga- 
tion and potential development of a repository at Yucca Mountain, the 
information that we were developing on projected waste quantities and 
program cost estimates is relevant to continuing congressional delibera- 
tions, oversight, and future decisions on the redirected program. There- 
fore, we modified the scope of our fourth annual audit. This report 
assumes that a repository will be developed at Yucca Mountain, unless 
WE determines that the site is unsuitable, and that DOE will develop an 
MRS facility subject to the new restrictions. 

“Nuclear Waste: Institutional Relations Under the Nuclear Waste Policy Act of 1982 (GAO/ 
7-14 Feb. 9,1987), DOE Should Provide More Information on Monitored Retrievable Storage 

(GAO/R&-S7-92, June 1,1987), A Look at Current Use of Funds and Cost Estimates for the 
Future (GAO/RCED-87- 12 1, Aug. 3 1,1987), and Information on Cost Growth in Site Characterization 
Cost Estimates (GAO/RCED-87-200FS, Sept. 10,1987). 
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Effect of Amendments 
on the NWPA 

The 1987 amendments designated Yucca Mountain, subject to a determi- 
nation of its suitability, as the site for the first waste repository, autho- 
rized development of an MW facility, and required additional study of 
the potential use of storage technologies at nuclear plant sites. In addi- 
tion, the amendments added several new features to the original act. 
The following sections discuss those changes and additions to the NWPA. 

Repository Location The NWPA'S primary objective is the construction and operation of deep, 
mined geological repositories for highly radioactive waste. To achieve 
this objective, the act established certain procedures for identifying and 
selecting sites for at least two repositories.” For each repository, these 
procedures included (1) recommendation and selection of three candi- 
date sites for characterization,5 (2) characterization of the sites,” and (3) 
recommendation of the fiial site to the Congress by the President. For 
the first repository, if the President’s recommendation was permitted to 
go forward,i DOE would seek authorization from NRC to construct a repos- 
itory at the site. 

The 1987 amendments direct DOE to terminate all site-specific activities 
at the Deaf Smith and Hanford sites and characterize only the Yucca 
Mountain site as a potential repository. If DOE determines that the site is 
suitable for a repository, it must recommend its selection to the Presi- 
dent. If the site is unsuitable, DOE is not authorized to select another can- 
didate site. Instead, it must terminate all site-specific activities, report to 
the Congress and the state that the site is unsuitable, and, within 6 
months, provide the Congress with recommendations for further action 
to ensure the safe, permanent disposal of spent nuclear fuel and high- 
level radioactive waste. 

DOE is prohibited from conducting site-specific activities on a second 
repository unless the Congress specifically authorizes and appropriates 

4The act required the President to make at least two repository recommendations to the Congress. 
However, it only authorized construction of the first repository. 

50n May Z&1986, the President selected three sites for characterization. They are located in Deaf 
Smith County, Texas; at Yucca Mountain, Nevada, adjacent to DOE’s nuclear weapons testing site; 
and on DOE’s Hanford Reservation in Washington. 

‘Site characterization refers to activities undertaken in either the laboratory or the field to study the 
geologic condition of a potential repository site. Such testing includes borings, surface excavations, 
exploratory underground shafts, and testing at repository depth to evaluate the suitability of a site. 

7The NWPA permits an affected state and Indian tribe to disapprove the President’s site recommen- 
dation, but it also permits the Congress to override the disapproval. 
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funds for such activities. It is required to report to the President and the 
Congress between January 1,2007, and January 1,2010, on the need for 
a second repository. The amendments do not, however, alter the restric- 
tion contained in the original act requiring NRC, in licensing the first 
repository, to prohibit emplacement of more than 70,000 metric tons of 
waste in the repository until a second one is operational. The temporary 
capacity limit was, according to the legislative history of the NWPA, 

intended to ensure that two repositories, regionally dispersed, would be 
developed so that no state would have to bear the entire burden of 
waste disposal. 

Monitored Retrievable 
Storage 

The NWPA required DOE to study the need for and feasibility of an MRS 

facility and submit a proposal to the Congress for its construction and 
operation. This facility was to be capable of providing long-term storage, 
continuous monitoring, management, and maintenance of the wastes, 
and ready retrievability for further processing or disposal. On March 3 1, 
1987, DOE submitted its proposal to build and operate an MRS facility at 
the former Clinch River Breeder Reactor Project site in Oak Ridge, 
Tennessee. 

The amendments authorized DOE to construct and operate an MRS facility 
but voided DOE'S site selection. Instead, DOE is required to conduct a new 
site selection survey only after the MRS Review Commission, discussed 
below, has reported to the Congress on the need for an MRS facility. DOE 

can include its original selection of a preferred site and two alternative 
sites in the survey, but it cannot give these three sites special weight. 
Further, site selection and construction phases for a facility are now tied 
to progress in developing a waste repository, and the amount of waste 
that DOE can store at a facility is limited. 

Finally, a three-member MRS Review Commission was established to 
evaluate the need for an MRS facility as a part of a national nuclear 
waste management system that will achieve the purposes of the NWPA, 

as amended. The commission, whose members are appointed by the 
Speaker of the House and the President pro tempore of the Senate, is 
required to report the results of its evaluation, including its recommen- 
dations, to the Congress on June 1, 1989. 
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Demonstration of Nuclear The NWPA directed DOE to establish demonstration programs, in coopera- 

Plant Waste Temporary tion with the private sector, for dry storage of spent fuel at nuclear 

Storage Technology plant sites and for consolidation of spent nuclear fuel rods in existing 
reactor storage ~001s.~ The dry storage demonstration program was to 
establish one or more storage technologies that NRC could license for use 
at the plant sites without the need for additional site-specific approvals. 

The amendments also require DOE to evaluate and report to the Con- 
gress, by October 1, 1988, on the use of dry cask storage technology for 
temporary storage of spent fuel at commercial nuclear power plant sites 
until a repository is operational. The study is to address 

. waste storage and transportation costs, health and environmental 
effects, and any other appropriate factors; and 

. the extent to which amounts in the Nuclear Waste Fund can and should 
be used to construct, operate, maintain, and safeguard spent fuel in dry 
cask storage at nuclear plant sites. 

In conducting the evaluation, DOE is to consult with NRC and solicit the 
views of states, local governments, and the public. 

Nuclear Waste Negotiator The amendments establish the position of Nuclear Waste Negotiator 
within the Executive Office of the President. The negotiator’s task is to 
find a state or Indian tribe willing to host a repository or MRS facility 
and negotiate an agreement specifying the terms and conditions under 
which the state or tribe would agree to host a waste facility at a techni- 
cally qualified site. The negotiator would submit any agreement to the 
Congress for its consideration. No agreement can take effect unless 
enacted into federal law. 

The negotiator is to carry out his or her duties independent of DOE’S 

repository and MRS facility activities. If a negotiated repository or MRS 

facility agreement is enacted into law, DOE must apply for a license to 
construct the facility. 

The negotiator’s activities are to be paid for from the Nuclear Waste 
F’und. 

sSpent fuel at nuclear power plants has heretofore been stored underwater in special storage pools 
constructed as an integral part of the nuclear power plant complex. Dry storage involves storage of 
spent fuel in devices such as metal casks, without the use of water, on concrete pads at the plant site. 
Rod consolidation involves rearranging spent fuel assemblies in a more compact configuration for 
continued storage in pools or with dry storage technology. 
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Benefit Agreements The Secretary of Energy may enter into an agreement with Nevada and 
a potential host state for an MRS facility for the annual payment of bene- 
fits out of the Nuclear Waste F’und. Eligibility to receive these benefit 
payments is contingent upon the state agreeing to waive its right to veto 
the President’s selection of a repository or MRS facility site, as well as 
rights to impact assistance authorized by NWPA. Only one repository and 
MRS facility agreement may be in effect at any one time. Benefits may be 
paid as shown in table 1.1, and one-third of the benefits must be trans- 
ferred to affected local governments. 

Table 1 .l : Annual Benefits Payable to 
Host State (Dollars in millions) 

Pav schedule 
Benefit amount 

MRS Reoositorv 
Annual payments prior to receipt of first spent fuel $5 $10 
Upon first receipt of spent fuel 

Annual payments after receipt of first spent fuel until closure of 
the facilitv 

IO 20 

IO 20 

Objectives, Scope, and Our primary objective was to assess the implications of declining waste 

Methodology 
projections and increasing cost estimates for the nuclear waste program, 
as redirected by the December 1987 amendments. We also assessed the 
effects of the amendments on the advantages that DOE perceives in add- 
ing its proposed MRS facility to the nuclear waste disposal system. The 
scope of our review encompassed both commercial and defense waste 
projections, waste disposal costs, the potential waste disposal capacity 
of the Yucca Mountain site, DOE'S proposal to develop an MRS facility, 
and the outlook for development and demonstration of waste storage 
technologies that may increase storage capabilities at nuclear power 
plant sites. 

As described in more detail below, we relied on earlier reports of our 
evaluations of various waste issues in developing most of the analyses 
presented in this report. We also supplemented and updated information 
contained in these earlier reports through additional audit work per- 
formed at DOE and NRC, and we reviewed the recent amendments to the 
NWPA. 

Waste Volume In our August 1987 report on funds and cost estimates, we noted that 
for waste program planning, DOE relies primarily on nuclear electrical 
generating capacity and waste volume projections that show significant 
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future growth in nuclear power between the years 2001 and 2020.Q We 
recommended that DOE base its waste program planning, including cost 
and revenue analyses, on lower projections derived from existing 
nuclear power plants. 

The nuclear electricity generating capacity and commercial waste pro- 
jections that we discussed in our earlier report were taken from DOE’s 

April 1986 report on the cost of the total waste system and Energy 
Information Administration (EIA) reports published in 1985.1° For this 
report, therefore, we updated these projections on the basis of DOE’S 

most recent report on the total cost of the waste system,” and EIA 

reports issued in July and August 1987.12 These projections are used by 
DOE in planning the nuclear waste disposal program. We did not verify 
the accuracy of the data obtained from the EIA reports. 

For estimates of defense waste volume, we used DOE reports addressing 
defense waste management plans. These reports included DOE’S June 
1987 report on the total cost of the waste system, its December 1986 
study on methods for allocating repository costs, its December 1987 
environmental statement on waste management at the Hanford Reserva- 
tion, and its defense waste reports pertaining to its Idaho National Engi- 
neering Laboratory and Savannah River Reservation. In addition, we 
reviewed other publications relating to defense waste estimates and dis- 
cussed defense waste volumes with officials from DOE’S Office of 
Defense Programs. 

Waste Disposal Costs For our analysis of waste disposal costs, we obtained and reviewed each 
of DOE’S annual reports on the total cost of the waste program for 1983 
through 1987. We did not independently verify the accuracy and reason- 
ableness of these cost estimates. However, in our August 1987 report on 
the use of waste program funds and future cost estimates, we selectively 
reviewed the basis for DOE’S repository cost estimates and found that the 
uncertainty in the estimates may not be unreasonable in view of the 

“GAO/RCED-87- 12 1. 

‘“EL4 is the independent statistical and analytical agency within DOE 

’ ‘Analysis of the Total System Life Cycle Cost for the Civilian Radioactive Waste Management Pro- 
gram (DOE/RW-0047, June 1987). 

‘2Cbmmercial Nuclear Power: Prospects for the United States and the World (LIOE/EIA-O438(86), 
July 1987), and World Nuclear Fuel Cycle Requirements 1986 (DOE/EIA-O436@6), Aug. 1987). 
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uncertainty inherent in long-range cost estimates at this early stage of 
the waste program. 

We also obtained and reviewed information from DOE supporting its 
method for allocating defense waste costs and estimating the commer- 
cial and defense waste shares of total program costs projected under 
various assumptions about the volume of commercial waste and the cost 
of repositories. We expect to report the results of our ongoing evaluation 
of the reasonableness of DOE'S cost allocation method later in 1988. 

Yucca Mountain Waste 
Disposal Capacity 

To address the capacity of the Yucca Mountain site and DOE'S plans to 
characterize and develop it, we reviewed the agency’s May 1986 envi- 
ronmental assessment for the site, its January 1988 “consultation draft” 
site characterization plan, and reports prepared by DOE contractors that 
address this issue. We also discussed the capacity issue with OCRWM offi- 
cials to obtain clarifications on how DOE plans to address the issue dur- 
ing site characterization. 

MRS Facility We evaluated the effects that the NWPA amendments will have on the 
benefits of an MRS facility, as set forth by DOE in its March 1987 proposal 
and a November 1987 document supplementing the proposal. In addi- 
tion, we assessed utilities’ capabilities for storing their wastes until DOE 

removes them from nuclear power plant sites by reviewing (1) DOE 

reports on commercial waste inventories at individual nuclear power 
plants, (2) the NRC'S basis for concluding that utilities should be able to 
store their waste at plant sites for at least 30 years, and (3) EIA informa- 
tion on the extent to which utilities have investigated the potential for 
dry storage. We also discussed commercial waste dry storage issues with 
officials of the NRC'S Division of Waste Management, Office of Nuclear 
Materials Safety and Safeguards. 

Our purposes were to determine the potential effects of the amendments 
on the benefits of the previously proposed facility and on the potential 
for storage technologies at nuclear power plants to alleviate any storage 
burden in advance of the facility or a repository. 

We performed our audit work between March 1987 and February 1988 
in accordance with generally accepted government auditing standards. 
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Lower Waste Quantities and Higher Costs May 
Have Impliuxtions for Investigation Approach 
at Yucca Mountain 

The 1987 NWPA amendments focused the search for a repository site on 
Yucca Mountain. This action, together with the continuing decline in the 
amount of waste that will require disposal and the increasing cost of 
developing one or more repositories, raise issues regarding the need for 
an early understanding of the capability of the Yucca Mountain site to 
hold wastes up to and beyond the 70,000-metric-ton ceiling contained in 
the NWPA, as amended. Unless new nuclear plants beyond those already 
under construction are built, the total quantity of highly radioactive 
wastes produced from existing nuclear plants and government defense 
activities is likely to be between 96,000 and 105,000 metric tons.’ Pre- 
liminary DOE cost estimates of the program, as redirected by the 1987 
amendments, indicate that disposal of this waste at Yucca Mountain and 
a second repository will cost about $31 billion,2 or about $8 billion more 
than DOE'S initial estimate, made in 1983, of the cost of implementing the 
original waste program. DOE estimates that disposing of all wastes at 
Yucca Mountain would cost about $23 billion. 

DOE has identified a specific area within Yucca Mountain that it intends 
to characterize. Unless unforeseen geologic conditions are encountered, 
DOE believes the area will be suitable for disposal of 70,000 metric tons 
of waste and may even offer “substantial” potential for future expan- 
sion. If DOE determines that the site is suitable for a repository, it 
expects to obtain authorization from NRC to construct a repository capa- 
ble of holding up to 70,000 metric tons of waste. This is an appropriate 
approach in view of the limitation on waste emplacement contained in 
the NWPA, as amended. In its report on the need for a second reposi- 
tory-to be submitted in about 20 years-nos expects to discuss the 
potential for expanding the repository as an alternative to developing a 
second one. Expanding the disposal capacity at that time could require 
additional characterization work to establish the suitability of the area 
to be used for expansion, another licensing proceeding to obtain NRC’S 
approval for the expansion, and construction of the additional reposi- 
tory capacity concurrent with waste disposal operations at the original 
repository facility. 

In view of declining waste estimates and uncertainty about the capacity 
of the currently defined primary disposal area at Yucca Mountain, the 
Congress may wish to explore with DOE the advantages of earlier and 

‘As used in this report, a metric ton of spent fuel, or an equivalent metric ton of waste from atomic 
energy defense activities, is a metric ton of uranium or “heavy metal.” One metric ton is 2,200 
pounds. 

“Unless otherwise indicated, all costs discussed in this report are expressed in constant 1987 dollars. 
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more complete site characterization information on the potential reposi- 
tory area. 

Waste Quantity For waste program planning, DOE has been using EIA forecasts of com- 

Projections Continue 
mercial waste generated through 2020. In 1980, EIA projected that about 
167,000 metric tons of spent fuel would be generated through 2020. Its 

to Decline estimates since then have declined. For example, DOE used an EIA projec- 
tion of 134,000 metric tons of commercial waste through 2020 in its 
April 1984 draft mission plan3 and it used a later estimate of 106,000 
metric tons for its June 1987 report on waste program costs. 

EIA derived these commercial waste projections from long-range fore- 
casts of economic growth, energy demand (including electricity), and the 
projected nuclear power share of electrical generating capacity. These 
projections assume that utilities would continue to rely on both coal and 
nuclear fuels to reduce reliance on oil and gas and meet projected 
growth in electricity demand. After EIA estimated the long-range electri- 
cal generating capacity of nuclear power plants, it projected the amount 
of electricity and the volume of waste that would be produced by that 
capacity. The waste volume estimate that DOE used in June 1987, for 
example, is based on ELA’S projection that nuclear power capacity will 
grow from about 94 gigawatts of electricity at the end of 1987 to almost 
220 gigawatts of electricity through 2020, or from about 120 to 220 
operating nuclear power plants.4 

Realistic Commercial 
Waste Projections Are 
Lower 

In our August 1987 report on DOE’S waste volume projections, (GAO/ 

RCELb87-121), we concluded that by using certain forecasts of nuclear 
power generating capacity and waste volume that are based on long- 
range forecasts of the economy’s performance, DOE is likely to overstate 
waste disposal needs. The realities of the nuclear power industry do not 
match DOE’S optimistic projections. That is, no nuclear plants have been 
ordered by utilities since 1978; all plants ordered between 1974 and 
1978 were subsequently canceled; and the condition of the nuclear 
industry does not point to further expansion unless and until favorable 
changes occur in the environment for the industry. 

3The NWPA required DOE to prepare a mission plan that would provide an informational basis suffi- 
cient to permit informed program decisions to be made. Among other things, the plan was to include 
an estimate of the total repository capacity required to safely accommodate the disposal of all highly 
radioactive wastes expected to be generated through the end of 2020. 

“A gigawatt of electricity is 1,000 megawatts, or approximately the generating capacity of a modem 
nuclear power plant. 
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We pointed out that, although construction and operation of new 
nuclear plants cannot be ruled out, the weight of evidence does not point 
to such an occurrence in the foreseeable future. For example, in com- 
menting on its projections showing growth in nuclear power, EIA states 
that before the projected growth in nuclear generating capacity can 
occur, changes must occur in existing economic and regulatory condi- 
tions; new technology must be developed; the public must show greater 
acceptance of nuclear power; and a satisfactory solution to the nuclear 
waste problem must be found. We recommended in our report that DOE 
base its planning on waste estimates derived from the 120 existing 
nuclear plants until the condition of the nuclear power industry clearly 
suggests additional growth. 

At that time DOE did not agree with our recommendation. It said that its 
higher estimates represented prudent planning for the maximum 
amount of waste that could be reasonably projected, and that it could 
understate repository requirements if it followed our recommendation. 
Subsequently, however, DOE has changed its position. According to DOE'S 

June 1988 draft amendment to its mission plan for the nuclear waste 
program, it now intends to base waste program plans on the projected 
waste quantity produced by the existing nuclear plants over their esti- 
mated operating lives. 

EIA also projects the volume of waste that existing nuclear power plants 
will generate. For this analysis, stated simply, EIA assumes that utilities 
will operate each of the approximately 120 existing nuclear power 
plants for 40 years but will not invest in new plants. DOE uses these EIA 

projections to test the sensitivity of its waste program plans to smaller 
volumes of waste. 

Finally, EIA projects waste volume using two different assumptions 
about fuel management. According to EIA, at historical rates of fuel con- 
sumption, existing nuclear plants will generate about 86,000 metric tons 
of waste through 2020. Some utilities, however, have begun to use 
nuclear fuel in these plants for longer periods before replacing it with 
fresh fuel. This technique, known as extended burnup, lengthens the L 
time between refueling outages and, in comparison with historical fuel 
management practices, reduces nuclear fuel requirements. EIA sees a def- 
inite trend toward extended burnup; however, the agency is uncertain 
how vigorously the industry will pursue this fuel management option. 
Therefore, it projects waste volume on the basis of both historical 
burnup levels and a 30-percent increase in burnup by 1998. At the 
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extended burnup rate, EIA estimates that about 78,000 metric tons of 
waste will be generated through 2020. 

For the extended burnup case, EIA also projects the total quantity of 
waste that would be generated assuming a 40-year operating life for 
each of the 120 existing plants. In this case, EIA’S projection period 
extends beyond 2020 to the retirement of the last plant by 2040. If utili- 
ties make extensive use of extended burnup fuel management practices, 
the agency expects the waste volume produced through the end of the 
commercial nuclear power program to be about 87,000 metric tons. 
Widespread decisions by utilities not to adopt extended burnup fuel 
management strategies would result in a larger volume of commercial 
waste. EIA did not project the effects of such a case through the end of 
the operating lives of all existing nuclear plants. However, we estimate 
that a maximum of about 96,000 metric tons of waste would be gener- 
ated at the historical burnup rate. This estimate is based on EIA'S projec- 
tions through 2020 that assume both historical and extended burnup 
rates, and its projection through the end of the nuclear power program, 
assuming the extended fuel burnup rate. 

The smaller waste quantity that would result from utilities’ widespread 
adoption of extended burnup fuel management would not necessarily 
reduce the repository area required for disposal of the waste. The 
amount of waste that can be disposed of in a given area depends, among 
other things, on the heat produced by the waste. Because extended 
burnup involves using the fuel in nuclear plants for longer periods of 
time, the resulting waste would be relatively hotter and more radioac- 
tive than waste produced from fuel consumed at lower (historical) 
burnup rates. DOE estimates, for example, that waste generated at the 
historical burnup rate would produce 14 percent less heat than waste 
generated with extended fuel burnup. Therefore, for our review, we use 
the waste quantity projection at the historical burnup rate to estimate 
the maximum quantity of waste from existing commercial nuclear 
power plants. 

In addition to the 87,000 to 96,000 metric tons of waste projected from 
commercial nuclear power plants, DOE estimates that it will dispose of 
about 640 metric tons of waste from a commercial reprocessing plant at 
West Valley, New York, that has been permanently shut down for more 
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than 15 years.” Also, as discussed below, DOE expects to eventually dis- 
pose of 8,000 metric tons of waste that it expects to produce through 
2020 in its atomic energy defense activities. Therefore, the most realistic 
current estimates of the total quantity of waste that DOE may be 
required to dispose of under the nuclear waste program is about 96,000 
to 105,000 metric tons. 

DOE’s Defense Waste 
Estimates 

DOE estimates that the equivalent of 8,000 metric tons of defense wastes 
will have been generated by 2020 and will require disposal in a geologic 
repository.” This estimate is based on the amount of waste expected if 
all existing defense facilities that produce highly radioactive waste run 
at full capacity until the year 2000, and if a new defense production 
reactor is brought on line and operates through 2020 to replace retired 
facilities. At present, however, the three nuclear materials production 
reactors at Savannah River are running at less than full capacity, and 
the production reactor at Hanford is shut down. In February 1988, DOE 

announced that it does not plan to restart the latter facility in the 
absence of a compelling need to produce additional nuclear materials to 
meet various defense requirements. 

To the extent that these conditions continue, DOE’S projection may be 
overstated. On the other hand, it is possible that defense wastes not 
included in DOE’S projection may eventually be designated for disposal in 
a repository. As discussed in more detail in appendix I, whether this 
occurs will depend on future decisions related to wastes at DOE’S Han- 
ford and Idaho facilities. A December 1986 DOE study indicates that the 
maximum quantity of highly radioactive defense waste that might be 
produced through 2020 is about 9,000 equivalent metric tons7 DOE has 
not projected defense waste quantities beyond 2020 as EL4 has for com- 
mercial wastes. 

DOE is currently conducting studies to provide an improved basis for 
future forecasts. In the interim, it believes that its estimate of 8,000 

“Almost all of the commercial waste that will be disposed of under the act is in the form of spent fuel. 
There is, however, a limited quantity of waste located at West Valley that resulted from a commercial 
reprocessing plant shutdown in 1972. 

“Waste resulting from nuclear defense materials production is generated and stored at DOE’s Savan- 
nah River Plant (South Carolina), Idaho National Engineering Laboratory, and Hanford Reservation. 

7Perspective on Methods to Calculate a Fee for Disposal of Defense High-Level Waste in Combined 
(civilian/Defense) (DOE/RiA6-10, Dec. 1986). 
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equivalent metric tons through 2020 is the most accurate estimate avail- 
able. In the absence of defense waste forecasts for a period comparable 
with commercial waste, and in view of the uncertainties related to (1) 
the capacity at which existing defense facilities will be operated and (2) 
future defense waste management decisions, we accepted DOE'S projec- 
tion for the purposes of our review. We recognize that later projections 
could be either higher or lower; however, in view of the small number of 
equivalent metric tons of defense waste in comparison with commercial 
wastes, revised defense waste projections should not significantly 
increase overall estimates of highly radioactive wastes. 

Waste Program Costs Although waste quantity projections have declined even with the addi- 

Have Increased 
tion of defense waste, program cost estimates have increased. After 
adjustment to account for the effects of inflation, DOE'S estimates of the 
total cost of the program had increased from about $23 billion in 1983 to 
between $33 billion and $39 billion (depending on variations in program 
cost assumptions) in DOE'S last cost estimate, published in June 1987, 
prior to the NWA amendments. This cost growth is illustrated in table 
2.1. We discussed these increasing program cost estimates and general 
reasons for them in our August 1987 report on DOE'S use of waste pro- 
gram funds and future cost estimates (GAO/RCED87-12 1) and our Sep- 
tember 1987 report on growth in cost estimates for site characterization 
(GAO/RCED-87-200FS). 

Table 2.1: Growth in Waste Program Cost 
Estimates (Dollars in billions1 

Major cost cateoow 1983 estimate 1985 estimate 1987 estimate 
Development and evaluationa 

Transportation 

Repository construction and 
operation 

$5.5 $8.5 $15.0-15.1 

4.6 3.6-5.5 2.1-2.3 

12.5-13.1 13.6-18.4 12.9-19.2 

MRS facility b b 2.8 
Total $22.7-23.3c $25.7-32.3c $32.9-39.2= 

%cludes all site selection costs, such as the costs of selecting and charactenzing candidate sites for 
two repositories; repository, transportation, and MRS system design costs; and regulatory, institutional, 
and government administration costs. 

bNo estimate was prepared in 1983 and 1985 because DOE had not yet decided on whether an MRS 
facility was needed. 

‘Figures may not add due to rounding. 

Shortly after the NWPA amendments were enacted, DOE analyzed the 
potential cost of the revised waste program. In this analysis, DOE 
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assumed that the total quantity of commercial waste would be about 
87,000 metric tons. This is the FJA projection of commercial waste gener- 
ated throughout the operating lives of existing nuclear plants, assuming 
that utilities adopt extended burnup fuel management practices. To this 
amount, DOE added its estimate of 8,000 equivalent metric tons of 
defense wastes and the small quantity of waste from the West Valley 
reprocessing plant. DOE assumed that all of these wastes would be dis- 
posed of in two repositories-one located at Yucca Mountain and 
another developed at an unspecified, low-cost site. DOE also analyzed 
costs using the assumption that all wastes would be disposed of at Yucca 
Mountain. 

Table 2.2 presents the results of DOE’S preliminary analyses. It shows 
that disposing of the projected quantity of wastes in two repositories 
would cost about $8.3 billion, or 36 percent, more than disposing of all 
wastes in a repository at Yucca Mountain. In making these preliminary 
cost estimates, DOE noted that final estimates could be as much as 10 
percent higher or lower, and that all of the figures shown in the cost 
categories-particularly development and evaluation and transporta- 
tion costs-are likely to change by the time it completes its next com- 
prehensive cost estimate. 

Table 2.2: DOE’s Preliminary Waste 
Disposal Cost Estimates KIollars in billions) 

Cost category 2 repositories 1 repository 
Development and evaluation $11.7 $8.4 
Transportation 2.0 2.1 

Repositorv 1 5.5 7.3 

Repository 2 6.5 0 

MRS facility 

Subtotal 
2.5 3.1 

$28.2 $20.9 

Benefit payments 3.0 2.0 
Total s31 .l’ 822.8’ 

aFigures do not add due to rounding. 

Although the 1987 amendments to the NWPA eliminated characterization 
of two candidate repository sites and prohibited site-specific activities 
related to a second repository, the estimated cost of the revised program 
is still over $31 billion when two repositories are assumed. This is about 
$2 billion less than the lowest DOE estimate of the cost of the program 
prior to the amendments. The estimate is not lower principally because 
of the addition of the MRS facility and the benefit payments. Also, the 
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$31 billion cost estimate for two repositories is about $8 billion more 
than DOE’s first estimate, prepared in 1983, of the total cost of the origi- 
nal nuclear waste disposal program. 

DOE also allocated the preliminary cost estimates shown in table 2.2 
between commercial waste generators and the government using the 
cost allocation method that it adopted in August 1987. According to DOE, 

the government’s defense waste disposal costs would be about $6.3 bil- 
lion with two repositories and about $4.2 billion with all wastes dis- 
posed of at Yucca Mountain-a decrease of about $2.1 billion. The 
commercial cost share would be about $24.8 billion and $18.6 billion, 
respectively, or a decrease of $6.2 billion, with all wastes disposed of in 
a repository at Yucca Mountain. 

DOE Will Determine If 
Yucca Mountain Is 
Suitable for a 70,000- 
Metric-Ton Repository 

DOE will focus its detailed investigation of Yucca Mountain primarily on 
one of the six underground rock formations that comprise the site. 
Because there is uncertainty over whether the formation is capable of 
holding 70,000 metric tons of waste, DOE also plans to investigate small 
portions of two adjacent rock formations. DOE is confident that geologic 
conditions in the area to be characterized will permit construction of a 
repository of that size and, perhaps, permit “substantial” expansion. 
Because the NWPA, as amended, requires NRC to prohibit DOE from 
emplacing more than 70,000 metric tons of waste in the first repository 
until a second one is operational, DOE does not intend to determine if the 
site can accommodate all projected wastes. Instead, DOE expects to 
increase its understanding of, and confidence in, the potential total 
capacity of the site using information acquired through surface-based 
studies planned during site characterization. 

If DOE eventually develops a repository at Yucca Mountain, it plans to 
discuss, in its future report on the need for a second repository, whether 
any wastes projected in excess of 70,000 metric tons should be disposed 
of by expanding the Yucca Mountain repository or by developing a sec- 
ond repository. A decision at that time to expand the repository would, 
if the present NWPA licensing provisions were retained, require DOE to (1) 
conduct additional site characterization work to establish the suitability 
of the expansion area, (2) prepare and submit an application to NRC 

requesting a license amendment authorizing the expansion, and (3) con- 
struct the expanded area concurrent with waste disposal operations in 
the original repository area. 

. 
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Description of the Site and In its May 1986 environmental assessment describing the Yucca Moun- 

Proposed Repository tain site, DOE said the potential host rock is comprised of a primary area 

Development and five secondary areas. Figure 2.1 highlights the primary (1) and sec- 
ondary (2-6) areas. The repository would be constructed in the primary 
area about 1,000 feet beneath the surface of the eastern side of Yucca 
Mountain (see figure 2.2). 

During site characterization, DOE plans to construct an exploratory shaft 
facility in the primary area. The facility will be comprised of a principal 
shaft, including testing areas in tunnels and rooms at three elevations 
adjacent to the shaft, and a secondary shaft for ventilation, materials 
handling, and emergency exit. In addition to the tests to be conducted in 
the exploratory shaft facility, DOE plans to conduct extensive studies 
from the surface. 

DOE expects to begin detailed site characterization in mid-1989 and fin- 
ish in the mid-1990s. This work is expected to cost about $1.8 billion 
(year-of-expenditure dollars). At the completion of site characterization, 
DOE will determine if the area under investigation is suitable for a repos- 
itory. If the determination is positive, DOE will recommend that the Pres- 
ident formally recommend the selection of Yucca Mountain as the site of 
the first repository. In this case, and in the absence of a successful veto 
of the President’s recommendation by the state of Nevada, DOE will pre- 
pare and submit to NRC an application for authorization to construct a 
repository capable of holding up to 70,000 metric tons of highly radioac- 
tive waste. 

The application will consist of general information, a report analyzing 
the safety of the proposed repository, and an environmental impact 
statement. The safety analysis report is to include, among other things, 
a description and assessment of the site at which the proposed surface 
and subsurface repository operations areas are to be located. Appropri- 
ate attention is to be given to site features that might affect design and 
performance of the repository operations area. 

Following a licensing proceeding that is expected to be unprecedented in 
its scope and depth and to last about 3 to 4 years, NRC will issue or deny 
the requested construction authorization. If it issues the authorization, 
DOE would then begin constructing the repository. 

As illustrated in figure 2.3, the repository would consist of horizontal 
main tunnels and 18 perpendicular tunnels that would be used for waste 
disposal. Each of the main tunnels would be dedicated to either waste 
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Figure 2.1: Schematic Map of Potential 
Repository Site at Yucca Mountain 

Source: DOE 
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handling, removal of mined rock (called “tuff”) and bulk materials, 
or ventilation and electrical services. The entire repository area 
would be enclosed by a tunnel. Waste would be transported from sur- 
face facilities to the main and final waste disposal tunnels through 
an inclined ramp (waste ramp) in vehicles developed for that pur- 
pose. Mined rock would be removed from the repository area to the 
surface through another inclined ramp (tuff ramp) constructed 
roughly perpendicular to the waste emplacement tunnel. 

The repository would be constructed in stages, or modules. After com- 
pleting two modules, DOE would begin waste disposal operations in one 
module while continuing to construct new ones. One empty module 
would always be used as a buffer between construction and waste dis- 
posal operations. In this manner, DOE expects to be ready to begin dis- 
posal operations in 2003. Repository construction is expected to be 
completed by about 2007. 

Figure 2.2: Schematic Cross Section 
Through Yucca Mountain 
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Figure 2.3: Conceptual Drawing of 
Repository at Yucca Mountain 

Source: DOE 

Uncertainty Over Capacity According to DOE’S guidelines for identifying potential repository sites, 

of the Primary Area one favorable condition is a host rock that is sufficiently thick, long, and 
wide enough to allow flexibility in selecting the specific repository 
depth, configuration, and location within the host rock formation. Flexi- 
bility is important to permit designing and constructing the repository 
around any areas of geologic anomalies that might be found during site 
characterization. 

DOE addressed this condition in its environmental assessment of the site. 
It noted that surface and subsurface geologic exploration has generally 
concentrated on the primary area (shown as area 1 in figure 2.1). Avail- 
able data, according to the assessment, indicate that rock with accepta- 
ble characteristics is present in the primary area, and could be present 
in area 2 as well as outside these two areas. The area designated as area 
2 was thought to have the best potential, in addition to the primary 
area, for having rock with acceptable characteristics. Data for this area, 
however, were limited to that obtained from surface mapping and 
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extrapolation of drill hole data obtained mainly around the primary 
area. 

Although DOE did not rule out the potential use of the other four second- 
ary areas, it identified potential problems with all of them and, for area 
4, indicated that little is known about it. One potential problem affecting 
the secondary areas, according to the environmental assessment, is that 
portions of most of them may not comply with the condition contained 
in DOE’S siting guidelines that a site will be disqualified if waste cannot 
be disposed of at a depth of at least 200 meters (656 feet) below the 
overlying ground surface. 

In the environmental assessment, DOE stated that a three-dimensional 
computer graphics model of Yucca Mountain indicates that the primary 
area contains about 2,200 acres, of which about 1,850 acres are poten- 
tially usable. About 1,520.acres would be needed for a repository capa- 
ble of holding 70,000 metric tons.8 This suggested, according to the 
assessment, that additional acreage outside the primary area may be 
needed for significant lateral flexibility in repository design. 

On the basis of the available evidence, DOE concluded that the primary 
area, which had been the focus of exploration, provides insufficient 
flexibility in its length and width to meet the favorable condition crite- 
rion. Although the surrounding areas appeared to have some rock that 
may be suitable, DOE concluded that additional geologic characterization 
would be necessary to claim that one or more of them provide signifi- 
cant flexibility. 

We discussed this issue with officials in the OCRWM Office of Facilities 
Siting and Development. The officials expressed confidence that the 
Yucca Mountain site will hold 70,000 metric tons of waste. They pointed 
to a March 30,1987, memorandum from Sandia Laboratories, a DOE 

national laboratory and contractor on the Yucca Mountain repository 
project, as the principal support for this view. The memorandum sum- 
marized the current understanding of the relationship between the site’s 
capacity to the size of the repository, considering the repository design,! 
the site geology, the range of acceptable environmental conditions, and 
the nature of the highly radioactive wastes. 

%OE states in its January 1988 “consultation draft” site characterization plan that ita current plans 
call for using 1,380 acres. 
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Sandia noted that insufficient data were available during preparation of 
the environmental assessment to claim the favorable condition of flexi- 
bility in the length and width of the host rock. It added, however, that if 
future analysis and site characterization recommendations contained in 
the memorandum are followed, data should be available to claim 
favorable site flexibility. Specifically, Sandia recommended that the 
plan for characterizing the primary area include verifying the qualifica- 
tion of the area by confirmatory drilling, sinking an exploratory shaft, 
and mining and investigating the potential for unsuitable ground that 
may have to be bypassed. In addition, Sandia recommended that DOE 

qualify a minimum of 300 extra acres in two secondary areas to estab- 
lish additional flexibility by exploring 

. the surrounding secondary area (area 2 in figure 2.1) north of the pri- 
mary area by means of surface drilling and 

l the secondary area southeast of the primary area (area 6 in figure 2. l), 
by means of both lateral tunnels at repository depth and surface drill- 

. ing, to reduce uncertainty in the southeastern boundary of the primary 
area and to determine how much additional area can be qualified for the 
repository. 

DOE’s Approach to 
Addressing the Capacity 
of Yucca Mountain 

As illustrated in figure 2.4, DOE intends to firmly establish the capacity 
of most of the primary area- dropping out the narrow, southern leg 
(see figure 2.1)-and small portions of adjacent areas 2 and 6. If DOE 

determines that this area of interest is suitable for a repository, it 
intends to seek authorization from NRC to construct and then operate a 
repository capable of holding 70,000 metric tons of waste. DOE does not 
plan to determine during site characterization if the site can hold all pro- 
jected wastes. Officials in OCRWM'S Office of Facilities Siting and Devel- 
opment pointed out to us that confirming site capacity is expensive. It 
requires information that must be obtained beneath the surface, through 
construction of the exploratory shaft facility and horizontal tunnels and 
tests performed in these areas. 

DOE plans to begin constructing the principal exploratory shaft at Yucca 
Mountain in June 1989. Following completion of two exploratory shafts, 
DOE plans to mine a series of interconnected tunnels to use as the main 
test area in the rock formation. In addition, DOE will mine three long 
exploratory tunnels to provide access to specific features in the pro- 
posed repository area. The main test and exploratory tunnels are illus- 
trated in figure 2.5. One of the tunnels, to be constructed in a 
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Figure 2.4: Area That DOE Plans to 
Characterize 
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Source: DOE 
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Figure 2.5: Illustration of Exploratory 
Shaft Facility and Tunnels 
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Conclusions DOE now plans, as we previously recommended, to base waste planning 
on EXA projections of waste produced from existing nuclear plants. In 
addition, DOE intends to extend the period on which the projections are 
based from 2020 to the end of the operating life of each plant. We agree 
with this approach. On this basis, estimates of the total commercial and 
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defense waste quantity that will require disposal range from about 
96,000 to 105,000 metric tons. 

Although total waste volume projections have declined even with the 
addition of defense wastes, program cost estimates increased from about 
$23 billion in 1983 to between $33 billion and $39 billion in 1987. DOE'S 
recent preliminary estimates of the total cost of the revised waste pro- 
gram now indicate that disposing of all wastes at Yucca Mountain and a 
second repository would cost about $31 billion, but disposing of all pro- 
jected wastes at Yucca Mountain would reduce the total program cost to 
about $23 billion, or about $8 billion less. 

DOE has identified a specific area within Yucca Mountain that it intends 
to characterize by means of the exploratory shaft facility and tunnels. 
Unless unforeseen geologic conditions are encountered, DOE believes the 
area will be suitable for disposal of 70,000 metric tons of waste and 
may, if geologic anomalies such as faulting are not encountered, even 
offer “substantial” potential for future expansion. If DOE determines 
that the site is suitable for a repository, it expects to obtain authoriza- 
tion from NRC to construct a repository capable of holding up to 70,000 
metric tons of waste. This approach is appropriate in view of the capac- 
ity limitation on the first repository, and is consistent with congres- 
sional direction embodied in the 1987 amendments to the WA. 

In about 20 years, when DOE submits its report on the need for a second 
repository, it expects to discuss the potential for expanding the reposi- 
tory at Yucca Mountain (assuming that a facility is developed there) as 
an alternative to developing a second one. DOE'S current plans and sched- 
ules indicate that in 20 years it would be finishing construction of the 
planned repository and conducting waste disposal operations at the site. 
Expanding the disposal capacity at that time could require additional 
characterization work to establish the suitability of the area to be used 
for expansion, another licensing proceeding to obtain NRC'S approval for 
the expansion, and construction of the additional repository capacity 
concurrent with ongoing waste disposal operations. 

In view of the continuing decline in estimates of waste to be generated 
for disposal, there may be advantages to earlier and more complete site 
characterization information on the secondary rock formations at Yucca 
Mountain. 
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DOE Comments In a July 28,1988, letter, DOE provided comments on a draft of our 
report; however, DOE did not comment on the matters discussed in this 
chapter. By separate letter, DOE provided technical and editorial com- 
ments, some of which pertained to the matters discussed in this chapter. 
We have revised our report, as appropriate, to address the latter 
comments. 

Matter for 
Congressional 
Consideration 

The Congress may wish to explore with DOE the advantages of earlier 
and more complete site characterization information on the secondary 
rock formations at Yucca Mountain in view of the continuing decline in 
the estimates of waste to be disposed of and uncertainty about the 
capacity of the currently defined primary disposal area at that site. 
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The MRS facility that DOE proposed in March 1987 would be used to col- 
lect, process, and temporarily store wastes from eastern nuclear plants 
before shipping them to a repository in the West, such as Yucca Moun- 
tain. DOE anticipated constructing and operating the MRS facility about 5 
years before the repository was to be used. This would, in its view, per- 
mit early planning and implementation of the waste system and accep- 
tance of waste for disposal in 1998. DOE also perceived other benefits, 
such as improved waste transportation, that did not depend upon early 
operation of the MRS facility. To dispel doubts about its resolve to 
develop both a repository and an MRS facility, DOE proposed to link 
authority to operate the facility to authorization to construct a 
repository. 

The recent NWPA amendments authorize DOE to construct and operate an 
MRS facility but provide that facility construction may not begin until 
NRC authorizes DOE to construct a repository. As a result, the benefits 
that DOE saw in the early development and operation of its previously 
proposed facility would be greatly reduced. For example, although DOE 
originally expected that a facility could eliminate the need for 10,000 
metric tons of new waste storage capacity at nuclear plant sites, it may 
no longer be able to achieve this benefit. Also, the amendments intro- 
duce enough delay and uncertainty about the availability of a facility 
that utilities have more incentive to expand on-site storage. 

The amendments do not appear to materially affect some facility bene- 
fits, such as reducing the distances that waste has to be transported, 
that do not depend on its early development. Other benefits, however, 
appear questionable in view of the added cost of an MRS facility and the 
restrictions on its early development. 

DOE recognizes the schedule constraints imposed by the 1987 amend- 
ments. It is now conducting studies to optimize the performance and 
effectiveness of the total waste system. One possibility under review, 
for example, is to accelerate the start of waste acceptance at an MRS 
facility by developing it in stages. 

DOE’s Proposed MRS In the WA, the Congress found that long-term storage of highly radio- 

Facility 
active wastes in monitored retrievable storage facilities is an option that 
provides safe and reliable waste management, and that the executive 
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branch and the Congress should fully consider a proposal for construct- 
ing one or more such facilities. The act required DOE to develop and sub- 
mit to the Congress a proposal for an Mw facility to safely store wastes 
as long as may be necessary. 

On March 3 1, 1987, DOE proposed building and operating an MRS facility 
in Oak Ridge, Tennessee. Although the facility could be used for long- 
term storage, its principal purpose was to receive wastes from eastern 
nuclear power plants, prepare them for disposal, and, if necessary, store 
them prior to their shipment to a western repository for disposal. 

DOE proposed to obtain a construction permit from NRC and build the 
facility over about an 1 l-year period, from mid-1987 through the end of 
1997, and to begin accepting waste at it in January 1998. This schedule 
would have permitted DOE to use the MRS facility to meet its contractual 
obligation to begin accepting wastes from utilities by January 3 1, 1998.’ 
On this schedule, DOE expected to operate the MRS facility for 5 years 
before opening the first repository in 2003. 

This schedule was contingent upon DOE’S obtaining authorization from 
NRC to construct the first repository by January 1998. DOE had proposed 
this contingency as one way to dispel doubts about the national resolve 
to develop a repository. DOE noted that the history of the waste manage- 
ment program suggested that the credibility of any interim storage 
measures, such as an MRS facility, will be suspect unless there is confi- 
dence that a permanent repository will be available within a reasonable 
period of time. 

Although DOE estimated that an MRS facility would add about $1.5 billion 
(1986 dollars) to the total cost of the waste program, it stated that the 
added costs are small in comparison with the benefits. DOE also stated 
that the additional cost would be partially offset by savings in new stor- 
age capacity for spent fuel that would otherwise be required at some 
nuclear power plants. 

Some of the stated benefits were directly related to the planned develop,, 
ment of an MRS facility years ahead of the first repository, but others 
were not. Those benefits that depended on the early operation of an MRS 

facility were 

’ Section 302 of the NWPA required DOE to include a clause in its contracts that required it to accept 
wastes from utilities no later than January 31, 1998. 
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l planning and implementing waste acceptance, transportation, consolida- 
tion,:! and packaging functions some 5 to 8 years before the repository 
opened; 

l reducing the need for new storage capacity at nuclear plant sites by 
accepting waste from utilities 5 years sooner than otherwise possible; 
and 

. gaining experience, through negotiations and interactions with the state 
of Tennessee, that would be useful in dealing with other potential waste 
facility hosts. 

DOE also stated that adding an MRS facility to the waste disposal system 
would offer advantages related to the geographical separation of tempo- 
rary storage and permanent disposal facilities. The achievement of these 
benefits would not depend upon the early operation of an MRS facility. 
These perceived benefits were 

l transportation improvements related to reducing the number of ship- 
ments of waste to a repository and minimizing the distances of waste 
shipments by truck from nuclear plants to an MRS facility; 

l improvements in waste system reliability and flexibility gained from 
separating the functions of accepting waste (at an MRS facility) and dis- 
posing of it in a repository, and the addition of significant operational 
storage capacity to the system; and 

l simplifying repository operations by performing waste preparation 
functions at an MRS facility and using it to control the rate at which 
waste would be transferred to the repository. 

In our June 1987 report on DOE’S proposal, we pointed out that the MRS 

concept outlined in the NWPA emphasizes long-term storage, but the prin- 
cipal role of the MRS facility in DOE’s proposal would be waste prepara- 
tion.:’ We also concluded that the proposal does not demonstrate how the 
(then) authorized waste system, without an MRS facility, could best be 
improved, so that the authorized system could be compared with a 
waste system that includes the proposed MR.9 facility. We recommended 
that DOE identify the best configuration of the waste system without an 
MRS facility and present the Congress with the benefits and costs of this 

“Waste consolidation involves extracting spent fuel rods from their assemblies and consolidating 
them into a more compact configuration to provide greater efficiency in handling, storage, transporta- 
tion, and disposal. 

:‘(GAO/RCED-87-92). 
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system. In response to our report, DOE issued a supplement to its propo- 
sal in November 1987 that, with one exception, addressed our recom- 
mendations. The exception was that DOE did not collect nuclear plant- 
specific information to use in the recommended analysis. 

Amendments Affect The NWPA amendments contain a number of provisions that will delay 

DOE’s Proposed MRS 
the operation of an MRS facility beyond the 1998 time that DOE had 
planned. The amendments also tie the development and operation of a 

Facility Schedule facility to progress in developing a repository. Thus, the amendments 
assure that an MRS facility does not become a substitute for a permanent 
repository; however, delays in the repository program would also delay 
the availability of an MRS facility.” 

In the absence of a negotiated agreement, approved by the Congress, 
that is less restrictive than the 1987 amendments, the provisions in the 
amendments will delay the construction and operation of an MRS facility 
beyond the schedule established in DOE’s proposal for the following 
reasons: 

. DOE’S proposal to develop an MRS facility site in Oak Ridge, Tennessee, is 
annulled and revoked; 

. DOE may not begin a new survey and evaluation of potential MRS facility 
sites until the MRS Review Commission submits its report to the Congress 
on June 1, 1989, and DOE may not select a facility site until after it rec- 
ommends a repository site to the President (expected in the mid-1990s); 
and 

. MRS facility construction may not begin until NRC has issued DOE a con- 
struction authorization for a repository, and neither construction of an 
MRS facility nor acceptance of waste at it is permissible during any time 
that the repository authorization is revoked by NRC or repository con- 
struction ceases. 

In view of these amendments, DOE, according to its fiscal year 1989 
budget submission, plans to update its analysis of the need for an MRS 

facility and the facility’s role in the nuclear waste disposal system. DOE 
has requested $15 million in fiscal year 1989 for this and other MRS- ’ 

4As discussed in ch. 1, the Nuclear Waste Negotiator is empowered to fmd a state or Iqlian tribe 
willii to host a repository or MRS facility, and to negotiate the terms and conditions under which 
the state or tribe would host either facility. Any such agreement would be effective only if enacted 
into federal law. Through this mechanism, therefore, it is possible that an MR.5 facility could be 
authorized and developed earlier than would be permitted under the MRS-related provisions in the 
1987 NWPA amendments. 
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related activities, and indicated that additional amounts of $44 million 
and $53 million for continued development of a facility may be 
requested in fiscal years 1990 and 1991, respectively. In this regard, in 
May 1988 DOE prepared a plan identifying the near-term technical stud- 
ies necessary to prepare a report documenting its technical position on 
an MRS facility and to be responsive to the new MRS Commission. 

In June 1988 DOE issued a draft amendment to its mission plan that con- 
forms the nuclear waste program to the 1987 amendments. DOE recog- 
nized the conditions placed on development of an MRS facility. It noted 
that it may be possible to accelerate the start of waste acceptance at an 
MRS facility by developing it in phases. The waste preparation functions 
to be performed at a facility will, according to DOE, be reevaluated in the 
context of optimizing the performance of the total waste management 
system. 

Early MRS 
Development and 
Operation Benefits 
Are Largely Not 
Achievable 

Because the NWPA amendments preclude development and operation of 
an MRS facility much in advance of a repository, the advantages associ- 
ated with early operation of the facility proposed by NE-improved 
waste system development, accelerated waste acceptance, and institu- 
tional benefits for the waste system-are reduced or eliminated. In addi- 
tion, the usefulness of the facility for backup waste storage, a secondary 
benefit in the event that construction of a repository ceases, is 
uncertain. 

Improvements in System 
Development 

In its proposal, DOE stated that developing and operating an MFtS facility 
5 years earlier than the repository would enable key waste system func- 
tions to be developed without delay. DOE reasoned that early facility 
development would allow the key systems, such as waste transporta- 
tion, acceptance of waste, consolidation, and packaging, to be developed 
without the threat of being significantly affected by the uncertainties 
associated with repository development and construction. The effects of 
the amendments on the construction and operation of a facility will not 
permit DOE to achieve these benefits. 

In its MRS proposal, DOE cited transportation planning as an important 
systems development benefit that would be derived from early MRS facil- 
ity development and operation. WE stated that its MRS facility plans 
would accelerate transportation system development because it would 
be able to determine specific routing, logistics, and equipment require- 
ments for shipments from the nuclear plants several years earlier and 
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would have more time available to work with states, Indian tribes, and 
the public on route-specific planning. DOE indicated that, because the MRS 
facility location would be known far in advance of the repository site, it 
could define shipping routes and requirements from nuclear plants to 
the facility up to 8 years earlier than it could plan transportation routes 
to a repository site. 

Because of the conditions on development of an MW facility imposed by 
the amendments, however, an MRS facility will not accelerate develop- 
ment of the waste transportation system. In fact, the situation regarding 
transportation planning is now reversed-the tentative location of the 
repository is known, but the site of an MRS facility cannot be determined 
for several more years. As a result, the inclusion of an MRS facility in 
DOE'S waste program plans could adversely affect early planning for a 
waste system. Without a facility, DOE could begin planning for waste 
transportation shipments from nuclear plants to Yucca Mountain. With 
the proposed MRS facility, however, DOE must postpone detailed trans- 
portation route planning, including working with states, tribes, and the 
public, for the entire system until it can select the MRS facility site. 

Accelerated Waste 
Acceptance 

As noted earlier, DOE saw three principal benefits in the early acceptance 
of waste at an MRS facility: (1) meeting its contractual obligation to begin 
accepting waste by January 1998; (2) significantly reducing the need for 
temporary capacity for waste storage at plant sites, and associated 
costs; and (3) enabling utilities to develop firm plans for future waste 
storage needs because of the activation of the MRS facility. However, the 
NWPA amendments largely eliminate these benefits. 

An MRS Facility Will Not Be 
Available to Accept Waste by 
1998 

As noted earlier, the amendments preclude DOE from beginning construc- 
tion of the facility at a DoEselected site until NRC authorizes it to con- 
struct a repository. According to DOE'S draft mission plan amendment, it 
expects to obtain an authorization for repository construction in 1998 
and to begin operating a repository at limited capacity in 2003, with 
full-scale operations planned to begin in 2008. DOE would also begin con- ; 
struction of an MFW facility in 1998 and begin accepting waste at the 
facility in 2003. As noted earlier, however, DOE believes that it may be 
possible to accelerate the start of waste acceptance if an MRS facility is 
developed in phases. 
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Benefit of Reducing New Nuclear DOE estimated that an MRS facility could eliminate the need for additional 
Plant Storage Requirements Is storage capability at more than 15 nuclear plant sites and could offset 
Largely Eliminated more than 10,000 metric tons of storage at plant sites, with a potential 

savings to utilities of $1 billion. The NWPA amendments, however, will 
essentially eliminate this benefit. 

According to EIA, by the end of 1990 utilities will have accumulated 
about 21,000 metric tons of spent fuel at existing nuclear power plants. 
It also projects that utilities will discharge an average of about 2,200 
metric tons of waste each year in the 199Os, and an average of about 
2,300 and 2,000 metric tons each year in the first 2 decades, respec- 
tively, of the next century. These projections assume that utilities will 
continue to follow historical fuel management practices. With extended 
fuel burnup, EIA does not expect the discharge rate to exceed, on the 
average, 2,000 metric tons per year during these 30 years. 

DOE estimates that a number of utilities will soon fill their existing spent 
fuel storage pools. When this occurs, utilities will have to use alternative 
means, such as dry storage, to accommodate their additional spent fuel. 
For example, in September 1987 DOE projected that the quantity of com- 
mercial waste generated in excess of existing storage pool capacity could 
total 5,100 to 6,800 metric tons by the end of the century. The higher 
figure excludes shipments between plants to maximize use of spent fuel 
storage pool capacity, and the lower figure considers such shipments. 
DOE offered several reasons, however, why the actual quantity could be 
less. Its forecast did not include the potential waste reductions that are 
associated with extended burnup; and future increases in the fuel 
burnup rate consistent with the trend in that direction, according to DOE, 
could reduce the upper end of the projection by a “considerable mar- 
gin.” As discussed in chapter 2, for waste program planning purposes 
DOE assumes that utilities will achieve a Xl-percent increase in fuel 
burnup by 1998. 

In February 1987 DOE also estimated the amount of waste that will be 
generated through 2010 and 2020 from existing nuclear plants and con- 
trasted these estimates with current storage pool capacities. On the ; 
basis of this information, the projected volume of waste in excess of 
existing pool storage capacity is about 10,700 and 24,600 metric tons, 
through 2010 and 2020, respectively. 

According to DOE, once its full-scale operation is achieved in 2008, the 
first repository could accept 3,000 metric tons of commercial waste each 
year, either directly from nuclear plants, or from both nuclear plants 
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and an Mw facility. Beginning in that year, DOE had planned to ship 
2,650 metric tons of commercial waste from the eastern MRS facility, and 
350 metric tons directly from western nuclear plants, to the repository 
each year until it reached a capacity of 70,000 metric tons (including 
4,640 metric tons of defense and West Valley plant waste). Table 3.1 
shows the quantities, by year, from 1998 through 2008, of commercial 
waste that DOE had planned to accept at the MRS facility and the 
repository. 

Table 3.1: DOE’s Original Schedule for 
Commercial Waste Acceptance (In metric tons) 

Repository 

Year 
1998 
1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 
2008 

MRS facility 
Waste 

Waste from 
Waste Waste Waste in from MRS nuciear 

received shipped storage facility plants Total 
1,200 0 1,200 0 0 0 

1,200 0 2,400 0 0 0 

1,200 0 3,600 0 0 0 

1,200 0 4,800 0 0 0 

1,200 0 6,000 0 0 0 

2,000 400 7,600 400 0 400 

2,650 400 9,850 400 0 800 

2,650 400 12,100 400 0 1,200 

2,650 900 13,850 900 0 2,100 

2,650 1,800 14,700 1,800 0 3,900 

2,650 2,650 14.700 2.650 350 6.900 

Source. DOE. 

As table 3.1 shows, by the end of 2007 DOE had anticipated having 3,900 
metric tons of commercial waste at a repository and an additional 
14,700 metric tons in storage at an MRS facility. Thereafter, DOE planned 
to accept a total of 3,000 metric tons of waste at the two facilities each 
year. 

In its amendment to its draft mission plan, DOE has revised its waste 
acceptance plans in view of the 1987 amendments to the NWPA. DOE now 
plans to begin accepting waste at both the repository and an MRS facility ’ 
in 2003. Table 3.2 illustrates DOE'S current waste acceptance plans 
through 2008. As the table shows, when the repository begins to operate 
at full capacity in 2008, DOE would have 5,200 metric tons of waste in 
storage at an MRS facility. This is 9,600 metric tons less than originally 
planned. Thus, DOE'S current plans for operation of an MRS facility 
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appear to largely eliminate the original benefit stated in its proposal to 
prevent the development of 10,000 metric tons of additional storage 
capacity at nuclear plants at a potential cost of $1 billion. 

Table 3.2: Commercial Waste 
Acceptance Schedule Under NWPA 
Amendments 

(In metric tons) 

Repository 

Year 

MRS facility 
Waste 

Waste from 
Waste Waste Waste in from MRS nuclear 

received ShiDDed storaae facilitv slants Total 
2003a 1,200 400 800 400 0 400 

2004 1,200 400 1,600 400 0 800 

2005 2.000 400 3.200 400 0 1.200 

2006 2,000 900 4,300 900 0 2,100 
2007 2,700 1,800 5,200 1,800 0 3,900 

2008 2,700 2,700 5,200 2,700 300 8,900 

TIOE states that It may be possible to start limited waste acceptance at an MRS facility before 2003, 
but this cannot be determlned until additional engineenng and stting information is avallable. 
Source, DOE. 

Under DOE'S current preliminary plans, the waste quantity in storage at 
an MRS facility would never exceed 5,200 metric tons. DOE would, from 
2008 on, receive only as much waste at a facility as it could process and 
ship to a repository. This feature emphasizes that the primary purpose 
of a facility lies in its waste preparation function, such as loading fuel 
into canisters. 

MRS Facility Does Not Provide 
Utilities With a Firm Basis for 
Storage Planning 

The longer time that the 1987 amendments require for DOE to develop an 
MRS facility and the potential for further delays because of its link to 
repository progress introduce uncertainty over when a facility would be 
available to begin accepting waste from utilities. Until utilities can use 
either of these facilities, they will have to find alternative storage. 

Because an MRS facility now depends on progress in siting, licensing, and 
constructing a repository, it no longer provides utilities with a firm basis 
for waste storage planning. On the contrary, an MRS facility’s ties to the 
repository program introduce new uncertainty about its future availa- 
bility, as well as delaying completion by up to 5 years. For this reason, 
on-site storage in dry casks now appears to offer utilities a more predict- 
able storage option than an MRS facility. As discussed in detail in appen- 
dix II, dry storage demonstration programs required by the NWPA and 
designed to assist utilities in enhancing waste storage capacity at 
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nuclear reactors are underway at Carolina Power and Light’s H. B. 
Robinson plant (South Carolina) and Virginia Power’s Surry plant. Fur- 
ther, NRC has not identified any technical or institutional impediments to 
the use of dry storage technology at nuclear plants and is preparing a 
rule to facilitate approval of its use at nuclear plant sites. 

Institutional Benefits for 
Waste System Would Not 
Occur 

The additional time required to develop an MRS facility under the 198’7 
amendments would not permit DOE to realize benefits that it had previ- 
ously identified for the early implementation of key waste system func- 
tions-enhanced confidence in the schedule for operation of the total 
system and momentum for implementing the system. Further, it would 
not allow DOE to use an MRS facility, as Origindly envisioned-for an 
early demonstration that its waste facilities are safe and that DOE is a 
responsible corporate citizen and neighbor. 

According to DOE'S MRS proposal, the development of an Mw facility 
would also provide institutional benefits through the experience gained 
from interactions with the state of Tennessee. As noted earlier, how- 
ever, DOE'S interactions with a prospective host state for an MRS facility 
would start much later than originally anticipated. While MI38 siting 
activities have been delayed, however, DOE is already working with 
Nevada on the Yucca Mountain repository site. Therefore, because inter- 
actions with a host state for an MRS facility will now occur after DOE has 
been working with the repository host, an MRS facility will not provide 
DOE with the benefit of experience in institutional relations that can then 
be applied with the host state for the repository. 

Repository Backup DOE does not suggest that an MRS facility should be built as a backup to a 
repository, but it has stated that the facility could serve this function if 
the repository was delayed. In such a situation, DOE indicated that the 
MRS facility could begin accepting and storing spent fuel from nuclear 
plants until the repository could begin operating. 

However, because of the 1987 amendments, any delay in the develop- 
ment of a repository will also delay an MRS facility. Thus, any backup 

1 

storage would be severely restricted, if not eliminated. 
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DOE Has Not 
Demonstrated the 

In addition to an MRS facility’s time-related benefits, DOE identified other 
advantages associated with it that would not be affected by changes in 
timing. These advantages included (1) improvements in the performance 

Value of Other of the transportation system, (2) improvements in the reliability and 

Benefits flexibility of the waste management system, and (3) certain benefits for 
the repository, such as simplification of repository facilities. However, 
DOE has not clearly demonstrated the value of these benefits to the 
waste management system, or that an MRS facility is needed to achieve 
them, in view of the changed conditions under which a facility could 
now be developed. 

Transportation 
Improvements 

In its MRS facility proposal, DOE stated that because spent fuel would be 
shipped from the facility to a repository in relatively large quantities on 
dedicated trains, an MRS facility would significantly reduce the number 
of miles that spent fuel must travel in less efficient truck- and rail- 
mounted casks. This benefit assumes that the facility would be located 
in the East (such as in DOE’S proposed Oak Ridge, Tennessee, location), 
central to the majority of nuclear power plants. If an MRS facility was 
located somewhere other than the East, its transportation benefits 
would be reduced. 

Table 3.3 shows DOE’S estimates, contained in the environmental assess- 
ment report that accompanied its MRS proposal, of the distances that 
wastes would have to be shipped in waste systems with and without an 
MRS facility. These estimates assume an MRS facility located in Tennessee 
and a repository located at Yucca Mountain. 

Table 3.3: Waste Transportation 
Distances (In millions of miles) 

Waste system with MRS facility 
Rail (to MIX) 

Rail (repository) 

4.6 

1.3 

Total 5.9 
Truck 11.9 

Total 17.8 : 

Waste system without MRS Facility 
Rail 163 

Truck 42.5 
Total 58.7 
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By decreasing the number of miles waste would have to travel in the 
system, an MRS facility would reduce the risks of shipping accidents. We 
applied accident rates recently developed for NRC by DOE’s Lawrence 
Livermore National Laboratory to the estimated total transportation dis- 
tances shown in table 3.3 to estimate the number of accidents that 
would be expected to occur.” Table 3.4 presents the results. 

Table 3.4: Projected Transportation 
Accidents Projected Accidents 

Waste System 
Svstem with MRS facilitv 

Rail Truck Total 

To MRS facility 55 76 131 

To repository 

Total 
16 a 16 
71 76 147 

System without MRS facilitv 194 272 466 

aWith the repository, truck transportation will not be used 

Because the projected number of shipping accidents would be lower in a 
system with an MRS facility, the risks of accidental radiological releases 
would also be lower. Although a lower number of spent fuel shipments 
is generally perceived as safer from the perspective of radiological 
releases, the effect may not be significant. According to the Livermore 
study, risks of radiological releases from spent fuel shipment accidents 
are extremely low. Livermore estimated, for example, that the risk to 
the general public from spent fuel shipments is less than one latent can- 
cer fatality in the general population every 2,300 years. This estimate 
assumes that DOE ships 3,000 metric tons of spent fuel each year. 

System Reliability and 
Flexibility 

DOE has stated that an MRS facility would improve the reliability and 
flexibility of the waste management system by separating the accep- 
tance of waste from nuclear plants from emplacement in a repository 
and by adding significant operational storage capacity to the system. 
For example, a facility would allow receipt of waste from plants to be 
independent of waste receipt and emplacement at a repository. Accord- 
ing to DOE, this decoupling of waste receipt from repository operations is 
important because the optimal rates for unloading the individual ’ 
nuclear plant storage pools will differ from waste receipt and emplace- 
ment rates compatible with efficient repository operation. Further, 

“Livermore calculated an accident frequency rate for trucks of about 6.4 per million vehicle miles, 
and for trains, 12 per million rail miles. 
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delays in waste emplacement at a repository would not prevent contin- 
ued removal of waste from nuclear plants. 

While the benefit of greater flexibility in management and coordination 
of spent fuel acceptance and emplacement rates may be important to the 
waste management system, DOE has not demonstrated the need for the 
amount of storage that an MFIS facility would provide-15,000 metric 
tons-for this purpose. It is not clear that this much storage capability 
would be needed, particularly since this storage would not now be avail- 
able until about the time that nuclear plants will begin shutting down, 
which will reduce the total amount of waste that will be generated. 

It is also not clear that an MRS facility is needed to provide storage to 
maximize the efficiency of repository waste emplacement operations. 
An alternative would be to expand, if necessary, the planned temporary 
storage capacity at the repository. Current DOE plans provide for tempo- 
rarily storing up to about 750 metric tons of commercial waste at the 
repository site. Although this capacity may not provide the management 
flexibility that DOE envisions, the size of the Yucca Mountain site 
(approximately 85 square miles) would permit expansion of the reposi- 
tory’s storage capability to meet this need without an MRS facility, and at 
less cost. 

Simplified Repository 
Operations 

According to DOE, an MRS facility would simplify facilities and operations 
at the repository because many of the major waste preparation func- 
tions would be performed at an MRS facility. DOE does not, however, 
demonstrate how this would benefit the entire waste management sys- 
tem. DOE appears to assume that the fewer activities performed at the 
repository site the better. However, consolidating all waste preparation, 
storage, and emplacement activities at a single site would reduce the 
total number of facilities required in the waste system and may improve 
waste system management and facilitate coordination of these activities. 
Excluding transportation considerations, DOE has not clearly demon- 
strated significant advantages to performing waste preparation opera- 
tions at an MRS facility rather than at the repository site. 

Conclusions DOE'S MRS proposal and November 1987 supplement state that an MRS 
facility would enhance the operation of the waste management system. 
To support this position, DOE identified a number of benefits that would 
result from developing and operating an MRS facility by January 1998. 
These benefits essentially fall into two categories: (1) benefits derived 
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from developing and operating the facility several years ahead of a 
repository and (2) benefits for the waste system operations by including 
an MRS facility centrally located to the relatively large number of nuclear 
power plants in the eastern part of the country. 

In December 1987, the Congress authorized DOE to develop and operate 
an MRS facility but also placed a number of restrictions on it. Because 
these restrictions tie selection of an MFc3 facility site and facility con- 
struction to progress on a waste repository, DOE can no longer achieve all 
of the time-dependent benefits of the proposed facility. Other perceived 
benefits of the facility are also not readily apparent in view of the 
changed conditions under which the facility is to be developed. 

Because these benefits are either not achievable or readily apparent, it 
is questionable whether the remaining advantages that DOE perceived in 
adding the proposed MRS facility to the waste system are worth its addi- 
tional $1.5 billion cost to the waste program, particularly since the facil- 
ity will no longer be available in time to eliminate the need for utilities 
to spend about $1 billion for additional on-site storage capacity. 

Therefore, to evaluate the time-related effects of the NWPA amendments 
and questions about the significance of the perceived benefits of the 
proposed MRS facility that are not directly time-related, the MRS Review 
Commission needs the benefit of DOE'S ongoing reassessment of the role 
of an MRS facility in the nuclear waste disposal system. Also, we are pro- 
viding the Commission with this report for its consideration in its 
review of the need for an MRS facility. 

Recommendation to 
the Secretary of 
Energy 

To provide the MRS Review Commission with the best possible informa- 
tion for its evaluation and report to the Congress on June 1,1989, we 
recommend that the Secretary of Energy supplement DOE'S original MRS 
facility proposal by identifying, with supporting analyses, the benefits 
of adding a facility to the nuclear waste system under the conditions 
established in the Nuclear Waste Policy Amendments Act of 1987. 

DOE Comments 
Our Evaluation 

and In commenting on a draft of our report, DOE stated that it concurs with 
our recommendation and readily agrees that substantial new analyses of 
the benefits of various MRS facility configurations are needed. DOE noted 
it is in the process of performing such analyses, and it looks forward to 
providing, as we are recommending, information to the MRS Review 
Commission. 
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DOE also stated, however, that we incorrectly assumed that it would pro- 
ceed with the configuration and design identified in its March 1987 MRS 

proposal. DOE said that it is in the process of evaluating a variety of pos- 
sible MRS configurations. Although we analyzed the effects of the 1987 
amendments on the MRS facility that DOE had proposed, we also recog- 
nized that DOE is studying ways to optimize the performance and effec- 
tiveness of the total waste system-including reevaluating the waste 
preparation functions that might be performed at an MRS facility. 
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Uncertainties in Defense Waste Estimates 

Highly radioactive defense waste is generated and stored at DOE’S Savan- 
nah River Plant (South Carolina), Idaho National Engineering Labora- 
tory, and Hanford Reservation. Most of this waste is presently stored in 
underground tanks as liquid, sludge, slurry, saltcake, or granules. 
Almost all of DOE’S strategies for disposal of defense waste anticipate 
that it will be solidified into either a glass or ceramic form and sealed in 
metal canisters before being shipped to a repository for disposal. 

In its June 1987 report on the total cost of the waste system, DOE esti- 
mated that 16,000 canisters of defense waste would be disposed of in 
the 2 planned commercial repositories. Because DOE ca,n dispose of only 
70,000 metric tons of waste in the first repository until a second one is 
operational, DOE also estimated the equivalent number of metric tons, on 
the basis of types and quantities of radioactive materials, that the 
defense waste canisters would represent. DOE stated that two defense 
waste canisters are likely to be the equivalent of 1 metric ton of com- 
mercial spent fuel, for a total of 8,000 equivalent metric tons. The spe- 
cific sources and quantities of waste are shown in table 1.1, and were 
derived from a study by DOE’s Richland Operations Office.’ 

Table 1.1: DOE Estimates of Defense 
Waste Requiring Disposal in Commercial Amount 
Repositories Equivalent 

Location Canisters metric tons 
Savannah River Plant 7,000 3,500 

Idaho National Engineering Laboratory 6,000 3,000 

Hanford Reservation 1,500 750 

Unwecified future sitea 1.500 750 

16,000 8.000 

aFor plannmg purposes, DOE has assumed that a new defense nuclear materials production reactor WIII 
be constructed and begln operating after 2000 at a site that has not yet been selected. 

For Savannah River and Hanford, these estimates are based on defense 
waste quantities produced to date and projected levels of production 
through 2000. The estimate for Idaho is based on continued operations 
through 2020, and for the undesignated future site, the estimate 
assumes waste production from 2001 through 2020. All estimates ; 
assume operation of the facilities at full capacity for the designated time 
frame. At present, however, the production reactor at Hanford is shut 
down, and DOE has recently announced that it does not plan to restart it. 

‘Perspective on Methods to Calculate a Fee for Disposal of Defense High-Level Waste in Combined 
(Equivalent Defense) Repositories (DOE/RL86-10, Dec. 1986). 
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In addition, the three production reactors at Savannah River are operat- 
ing at about 50 percent of full capacity because of safety-related 
concerns. 

In addition to the uncertainty associated with future levels of waste, 
there are uncertainties in DOE'S waste management plans at Idaho and 
Hanford that could increase the number of waste canisters and equiva- 
lent metric tons of commercial spent fuel to be disposed of in one or 
more commercial repositories. Also, DOE recently decided that an addi- 
tional 500 canisters of Hanford wastes, for a total of at least 2,000 
waste canisters, will be disposed of in a repository. 

At Idaho, DOE estimates that it will produce enough waste through 2020 
to fill 22,000 waste canisters for deposit in a repository if it does not 
reduce the volume of waste. It expects, however, that it will be able to 
take advantage of volume reduction technology currently under devel- 
opment to reduce the waste volume so that it will fill only 6,000 canis- 
ters. DOE plans to evaluate and test alternative volume reduction 
processes, select an approach in 1992, and begin full-scale waste 
processing in 2011. Because DOE calculates equivalent metric tons of 
defense waste on the basis of the inventory of radioactive materials, the 
equivalent metric tons of Idaho wastes would not change if DOE decides 
not to reduce the volume even though the number of waste canisters 
would increase from 6,000 to 22,000. According to DOE, consideration of 
the eventual number of Idaho waste canisters can be deferred for repos- 
itory planning purposes because no canisters of waste will be produced 
for more than 20 years. 

At the Hanford Reservation, the 1,500 canisters of defense waste that 
DOE projected would be generated by the year 2000 represents wastes 
that are, or are expected to be, stored in up to 28 double-shell storage 
tanks. At Hanford, all high-level wastes generated since 1972, and all 
future high-level wastes, have been or will be temporarily stored in 
these tanks. 

From the early 1940s until 1972, high-level wastes at Hanford were 
stored in 149 single-shell tanks. During that period, however, about 
450,000 gallons of waste leaked from 20 of these tanks into the sur- 
rounding soil. As a result, the Atomic Energy Commission-a predeces- 
sor to DOE-attempted to transfer wastes from these tanks to the newer, 
double-shell tanks, but encountered serious problems in doing so. 
Although the liquid waste could be pumped from the single-shell tanks, 
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the nitric acid process required to dissolve sludge and salt cake in the 
tanks corroded the tank walls. 

DOE discussed the ultimate disposal of high-level and other radioactive 
wastes at Hanford in a December 1987 environmental impact statement. 
It intends to extract and process the wastes stored in double-shell 
tanks-the estimated 1,500 canisters shown in table I. l-and dispose of 
them in a commercial repository. In addition, when the Atomic Energy 
Commission attempted to transfer high-level wastes from single-shell to 
double-shell tanks, it also extracted and encapsulated two high-heat- 
generating waste fission products-strontium-90 and cesium-137. DOE 

presently stores these capsules in water basins on the Reservation. DOE 

also intends to dispose of these wastes -estimated to represent about 
500 waste canisters-in a repository. 

The high-level wastes still stored in the 149 older, single-shell waste 
storage tanks, are not readily retrievable. Therefore, DOE prefers to 
defer a decision on their ultimate disposal pending additional develop- 
ment and evaluation. According to DOE, extraction, processing, and dis- 
posal of these wastes may be too costly and potentially hazardous to 
justify. DOE estimates that these wastes, if extracted, processed, and 
placed in waste canisters, would fill about 21,500 canisters. Because the 
inventory of radioactive materials in this waste is relatively small in 
comparison with the total waste volume, however, DOE estimates that 
the 2 1,500 canisters would only be equivalent to about 1,000 metric tons 
of spent fuel. 

Table I.2 summarizes the maximum quantities-expressed in both num- 
bers of waste canisters and equivalent metric tons-of high-level 
defense waste projected to be generated through 2020 that could require 
disposal in a repository. The quantities shown include the wastes from 
the Hanford single-shell tanks. 

Table 1.2: Maximum Potential Quantity of 
Defense Waste Through 2020 Amount 

Location Canisters 
Equivalent 

metric tons : 
Savannah River Plant 7,000 3,500 
Idaho National Enaineenna Laboratorv 22.000 3.000 
Hanford Reservation 23,500 1,750 
Unspecified future site 1,500 750 
Total 54.000 9.000 
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On the basis of its studies, NRC concluded that there are no impediments 
to the use of dry storage technology at nuclear plant sites and that utili- 
ties can safely store their wastes at plant sites for 30 years after their 
plants are retired. In addition, demonstration programs for two dry stor- 
age technologies are underway at two nuclear plant sites; NRC is prepar- 
ing a new rule to facilitate regulatory approval of dry storage; and it has 
issued one company a license to manufacture casks for dry storage of 
commercial waste. A recent EL4 survey of utilities, however, indicates 
that few utilities have studied the dry storage option. 

NRC Did Not Identify In August 1984 NRC completed a &year rulemaking, generally referred 

Impediments to 
to as the waste confidence rulemaking, to assess the degree of assurance 
with which radioactive waste can be safely disposed of in geologic 

Extended Dry Storage repositories. One part of the rulemaking addressed whether commercial 
waste in the form of spent fuel could be safely stored at nuclear power 
plant sites until off-site disposal or storage is available. NRC found rea- 
sonable assurance that these wastes can be safely stored without signifi- 
cant environmental effects in the plants’ storage pools or at on-site 
independent storage installations such as dry storage for at least 30 
years after nuclear plants are retired. 

In making its finding, NRC concluded that dry storage is simpler technol- 
ogy than conventional pool storage. That is, dry storage does not require 
active systems such as cooling systems; does not involve the potentially 
corrosive effects of water; and, the modular nature of dry storage 
enhances the ability to perform maintenance. Therefore, NRC concluded 
that safe dry storage should be achievable without undue difficulty. 

Moreover, NRC found that no additional land would need to be devoted to 
the extended storage of commercial waste beyond the operating periods 
of nuclear power plants. It based this finding on the fact that nuclear 
plants have adequate space for either additional storage pools or dry 
storage installations. 

Approved and Two dry storage projects, at Carolina Power and Light’s H. B. Robinson 

Pending Dry Storage 
plant (South Carolina) and Virginia Power’s Surry plant, are being con- 
ducted under the DOE cooperative demonstration program called for by 

Applications NWPA. These demonstrations are designed to assist utilities in enhancing 
waste storage capacity at nuclear plant sites. They are intended to 
encourage and expedite utilities’ efficient use of existing storage facili- 
ties and to provide technologies for adding new storage capacity. An 
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independent waste storage installation has been constructed at the 
Surry plant. NRC issued a license for the system in July 1986. Carolina 
Power and Light obtained a license in August 1986 for dry storage, in 
modular concrete silos, at its Robinson plant. Wastes are now in storage 
at both facilities. 

NRC expected an application for a license amendment from Virginia 
Power later in 1987 to consolidate some spent fuel and store it in a dry 
storage cask at Surry. NRC is also expecting an application for modular 
dry storage from Duke Power for its Oconee site. This utility had earlier 
identified potential impediments to using dry storage at this three-reac- 
tor nuclear power plant in South Carolina. 

NRC Certification of NRC is preparing a rule that will allow the general (non-site-specific) 

Dry Storage Casks for 
approval of the use of dry storage casks at nuclear power plant sites. 
This rule is being prepared in accordance with Section 133 of the NWPA, 

General Use which states that NRC shall, by rule, establish procedures for the licens- 
ing of any dry storage or rod consolidation technology approved by NRC 
for use at the site of any civilian nuclear power plant. 

According to the section leader of NRC'S irradiated fuels division, the 
planned new rule would amend NRC'S existing regulations to provide for 
the approval and certification of specific dry storage casks by NRC for 
use at all nuclear power plants. This dry cask certification would repre- 
sent a general license for any utility with an operating plant to store 
commercial waste on site in the form of spent fuel in NRC-certified dry 
storage casks after first notifying NRC. Therefore, according to this offi- 
cial, a utility would not have to apply for site-specific approval to use an 
approved cask. This NRC official expects this new rule to make the dry 
storage option available to a broad range of nuclear plants. 

The NRC official told us that, after the final rule is issued, dry cask man- 
ufacturers will be able to submit cask designs to NRC for approval or cer- 
tification. NRC staff will review the manufacturer’s technical analyses, 
perform a safety analysis of each cask design, and state whether it is 
acceptable. By 1990, according to the NRC official, a number of dry stor- 
age casks should be available to utilities and approved under the certifi- 
cation process. The NRC official expects issuance of a site-specific license 
for dry storage to take from 12 to 15 months. Once the certification pro- 
cess is established, however, a utility could use dry storage after notify- 
ing NRC and procuring the cask. In October 1987 NRC issued a dry storage 
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cask manufacturing certificate to one company. However, this NRC offi- 
cial told us that, in the absence of the final certification rule, a utility 
desiring to purchase and use this cask for dry storage would still have to 
get a specific licensing approval from NRC. 

NRC regulations will still allow site-by-site approvals for dry storage 
technologies other than those approved under the certification process, 
according to the NRC official. Any utility that for some reason cannot use 
the particular cask or casks certified under NRC’S generic rule at its 
nuclear plant site will be able to apply for a site-specific license amend- 
ment for another cask or some other form of dry storage, such as vault 
storage or the concrete silos in use at the Robinson plant. For example, if 
a nuclear plant’s storage pool crane has a low lifting capacity and, there- 
fore, cannot utilize a particular NRC-approved dry storage cask, the util- 
ity can apply for site-specific approval of vault-type dry storage 
designs. 

The section leader of NRC’S irradiated fuels division told us that NRC has 
not received any strong indication from utilities that they are interested 
in dry storage. He added, however, that in the early 1990s there are 
likely to be many candidates for dry storage. Also, some of the current 
prospective candidates may be waiting until the certification process is 
established, while others may be waiting to see what design is most eco- 
nomical for them on a site-by-site basis. 

Current NRC Staff 
Views 

The NRC section leader told us that NRC has not identified technical fac- 
tors that would prevent any utilities from using some form of dry stor- 
age at any nuclear power plant to accommodate all of their waste. 
Further, NRC examined the question of institutional impediments to 
using on-site dry storage and concluded that there are no impediments 
to its use. He also stated that NRC has encountered no public opposition 
to licensing dry storage technology. In fact, this official stated that dry 
storage appears to be the politically or socially preferred alternative to 
expanding storage pools, shipping wastes between sites, or federal 
interim storage because it is rather innocuous compared with these 
other options. Dry storage (1) is modular, so only two or three casks a 
year would be placed on site; (2) involves passive storage and requires 
no maintenance, so no workers are needed to run it; (3) is sealed, so the 
risk of exposure to radiation is lessened; and (4) involves no water, and 
therefore, reaching a self-sustaining chain reaction, or criticality, is a 
“remote” possibility. On the latter point, this official stated that even if 
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water were to somehow enter the cask, the wastes would not achieve 
criticality. 

Few Utilities Have In 1986 EIA canvassed utilities’ knowledge of the potential for dry stor- 

Apparently Fully 
age at their nuclear power plants. Utilities operating 29 of 119 plants 
indicated that they had studied dry storage. For the 29 plants, utilities 

Assessed Dry Storage said that their studies identified impediments to dry storage use at 8 
plants, and no impediments at 12 plants. For the remaining nine plants, 
utilities either stated that they did not know of any impediments or did 
not respond to EIA'S questions. 
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Comments From the Department of Einergy 

Department of Energy 
Washington, DC 20585 

JUL 2 8 198: 

Mr. Keith 0. Fultz 
Senior Associate Director 
Resources, Community, and 

Economic Development Division 
U.S. General Accounting Office 
Washington, O.C. 20548 

Dear Mr. Fultz: 

The Department of Energy (DOE) appreciates the opportunity to review and 
comment on the General Accounting Office (GAO) draft report entitled "Nuclear 
Waste: iourth Annual Report on DOE's Nuclear Waste Program." 

The Department concurs with the reconendation to supply the MRS Review 
Commission with additional supporting analyses of the benefits of adding such 
a facility to the nuclear waste management system. However, GAO's discussion 
in Chapter 3 of how the DOE would proceed, following the December 1987 
Amendments Act, is not the approach the Department has contemplated. In fact, 
the Department's approach appears to closely parallel the recommendation of 
the GAO. 

Specifically, GAD has incorrectly assumed that DOE would proceed with the 
facility configuration and design as identified in the March 1987 Monitored 
Retrievable Storage (MRS) submission to Congress. As a result of the December 
1987 Amendments Act, the Department is in the process of evaluating a variety 
of possible MRS configurations. 

The DOE appreciates the difficulty of developing valid assumptions and readily 
agrees with GAO on the need for substantial new analyses of the benefits of 
various MRS configurations to the waste management system. Additionally, the 
Department looks forward to providing information to the MRS Review 
Commission. 

The Department hopes that these comments will be helpful to GAO in its 
preparation of the final report. Additional technical and editorial camnents 
are being provided directly to Mr. Dwayne Weigel. 

~&;.#gq 

Management and Administration 
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